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Free and Total Putrescine in Cerebrospinal Fluid Quantified by ReversedPhase Liquid Chromatography
Richard L Heldeman, Kenneth B. Fickling, and Lynn J. Walker1
This is a simple, rapid, sensitive method for routine quantification of the polyamine putrescine (1,4-diaminobutane) in cerebrospinal fluid. Sample preparation involves protein precipitation, acid hydrolysis for 18 h (if total putrescine is to be measured), pre-column derivatization with o-phthalaldehyde, and extraction into acetonitrile. The derivative is separated and quantified by "high-performance" liquid chromatography on a reversed-phase C18 radial-compression column. A single chromatographic run takes <18 mm. Putrescine concentrations as low as 50 nmol/L in cerebrospinal fluid can be detected.
AdditIonal Keyphraees: polyamines tumor marker
The polyammne putrescine may become a useful marker for tumors of the central nervous system (1-3). Increases in cerebrospinal fluid (CSF) putrescine concentrations correlate with the presence or recurrence of primary neoplasms of the central nervous system such as medulloblastoma (4), and variations in CSF putrescine concentrations possibly reflect the response of tumors to obliterative therapy (5).
In attempts to develop an assay for CSF putrescine that is rapid and inexpensive, "high-performance" liquid chromatography has been used. Previsusly described methods have relied upon ion-exchange resins (6-9) and modified amino acid analyzers (10), which, aside from having limitedversatility, are costly to operate and maintain.
The assay we describe here is based on the method of Skaaden and Greibrokk (11 phthalaldehyde before chromatography results in more efficient separations and requires less apparatus than postcolumn derivatization, such as additional pumps and mixing chambers. However, we were unable to resolve a putrescine or a spermidmne peak in CSF by their method. Use of a radial-compression column with packing material of smaller particle size (5-zm) enabled us to separate putrescine in CSF from interfering peaks (spermidine is eluted among the amino acids, at 3.5 mm). Also, a simple extraction into acetomtrile, a medium in which less than 5% of the complex has broken down after 1 h, resulted in larger and sharper peaks than those obtainedwith Skaaden and Greibrokk's ethyl acetate extraction procedure. Further, we decreased the 340-nm excitation wavelength to 229 nm, which also increased sensitivity.
To measure the total putrescine concentrations, we precipitated samples of CSF with trichloroacetic acid and hydrolyzed them overnight in concentrated HC1 to release any protein-or peptide-bound putrescine.
Materials and Methods

Apparatus
Our chromatographic system consisted of two Model 6000 A dual-piston pumps, a Model 710B sample processor, a Reagents "HPLC-grade" methanol, "HPLC-grade" acetonitrile, tnchloroacetic acid, and concentrated hydrochloric acid were from J. T. Baker Chemical Co., Phillipsburg, NJ 08865.
Boric acid, potassium hydroxide pellets, 2-mercaptoethanol, o-phthalaldehyde, sodium chloride, putrescine dihydrochioride, and putrescine free base were from Sigma Chemical Co., St. Louis, MO 63178.N,N-Dimethylcyclohexylamine and 1,6-hexanediamine were from Eastman Organic Chemicals, Rochester, NY 14650. "HPLC-grade" 85% phosphoric acid and tribasic sodium phosphate were from Fisher Scientific Co., Pittsburgh, PA 15219. De-ionized water, used for chromatography and sample dilution, was produced by running tap water through a Milli-Q water purification system (Millipore Corp., Bedford, MA 01730). All reagents were filtered through a 0.45-Mm (pore size) filter before use in the chromatographic system.
Mobile phase. Prepare daily an isocratic mixture of methanollde-ionized water/phosphoric acid/N,N-dimethylcyclohexylamine (70/27/1.5/1.5 by vol). The final pH should be 3.5. Filter and degas the solution under reduced pressure.
Borate buffer. Dissolve 15 g of boric acid into 475 mL of deionized water, adjust the pH to 10.8 with potassium hydroxide pellets and dilute to 500 mL. Filter, then store the buffer in an airtight container at room temperature. 
Vortex-mix
the samples vigorously, place them in an ice bath for 10 mm, then centrifuge them at 2000rpm for 5 mm Filter the clear supernate through a 0.2-sm ifiter (
Chromatography.
A 15-FL aliquot of the preceding organic phase is the sample injected into the chromatographic system. The initial flow rate is 2 mlimin for 10 mm, and is then increased to 3 mL/min to expedite the elution of the internal standard. Set the fluorescence detector as follows: excitation, 229 nm; emission cutoff filter, 470 rim; range, to 0.1 p.A; time constant, 5 s.
Results
Representative chnomatograms are shown in Figure 1. 2Jf free putrescine is to be quantified, concentratethe sample and then derivatize, bypassing the acidhydrolysis. Sharp, symmetrical peaks with retention times of 9.5 and 15 miii, respectively, were obtained for putrescine and the internal standard ( Figure 1B) . PeakX, probably a product of derivatization, is present in each run, but does not interfere with the putrescine peak. The chromatogram of the CSF sample shows an almost immediate elution of amino acids and other artifacts, but a complete return to baseline before putrescine is eluted ( Figure 1C) .
The linear regression equation for 46 standard runs is y = 1.15x + 0.052 (S, = 0.0425, r = 0.989).
We established within-day reproducibility by analyzing replicate standard samples in the same run. CVs were 2.3%, 7.2%, and 2% for putrescine concentrations of 188 (n = 12), 375 (n = 6), and 750 (n = 8) pmollmL, respectively. Day-to-day precision was established by analyzing replicate standard samples for a period of one month. CVs were 7.1%, 7.6%, and 6.7% for putrescine concentrations of 188 (n = 20), 375 (n = 11), and 750 (ii = 15) pmollmL, respectively.
Wedetermined mean percentage recoveries of putrescine and internal standard by comparing the chromatograms of pooled CSF and the same CSF supplemented with known amounts of putrescine and internal standard over our calibration range (putrescine, 95 ± 4%; internal standard, 97 ± 5%). We also compared the chromatograms of hydrolyzed and non-hydrolyzed standards and found only negligible effects of acid hydrolysis on the analytical recoveries of putrescune and internal standard (putrescine, 99 ± 3%; internal standard, 98 ± 4%). The detection limit of this assay for a 15-/.LL injection is about 50 pmol of putrescine per milliliter of CSF, i.e., the lowest concentration detected with a signal/noise ratio exceeding 3. The sensitivity can be increased, if necessary, by increasing the injection volume or decreasing the volume of acetonitrile in the extraction procedure, or both.
Discussion
We compared preliminary separations of o-phthalaldehyde derivatives on several different reversed-phase columns (stainless steel and radial-compression). Although all the columns tested were adequate for the separation of standards, only the Waters 5-sm (particle-size) C18 radialcompression column resulted in consistent baseline resolution of peaks for putrescine in CSF.
Detection of picomole quantities of putrescine requires high sensitivity with minimal background fluorescence. We tried the shorter excitation wavelength (229 mini)described by Hill for the liquid-chromatographic analysis of amino acids (12), which gave a two-to 10-fold increase in sensitivity over other established excitation wavelengths used for ophthalaldehyde-.amine derivatives (10-13). We found that we could use this only with a detector having a light source with high energy in the ultraviolet range.
The derivatization reaction between amines and the aidehyde is most effective in borate buffer in the pH range 9-11 (11, 12). However, the complex is unstable and begins to break down almost immediately (11, 14) . Extraction with ethyl acetate increases the stability of amine adducts (11), but with this method we were unable to adequately extract putrescine from CSF. Extraction into acetonitrile resulted in better resolution and stability, and two-to threefold greater sensitivity than extraction into ethyl acetate or other organic solvents. Putrescine is stable in acetonitrile for several hours, but chromatography should be done within 1 h of derivatization to prevent other fluorescing breakdown products from masking the putrescine peak. This is a fast, efficient, and inexpensive procedure for the routine quantification of putrescine in cerebrospinal fluid. It is sensitive, and the sample required is small. The simplicity and versatility of the chromatographic system remain intact with pre-column derivatization. Additionally, the application of radial compression is cost effective; not only is the initial column cost substantially less, but separation time and consumption of mobile phase are also reduced.
